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Introduction
The simple connection method using ACF is noted as a connection technology for high density electrodes. Industrial applications of ACFs are becoming increasingly common over the past several decades. It offers certain advantages in terms of low cure temperature, higher component density, and reduced package [I] . ACFs have been used in fme pitch packaging, which are suitable to be applied in hybrid dieattach and LCD display assembly.
Conductive adhesive for high-frequency applications is becoming increasingly interesting for future electronics assembly. High frequency properties of ACF joints have been studied earlier. and have proved to he as good as or even better than solder joints. It can be found that conductive adhesive for high frequency applications had been applied in fme pitch ACF packaging and many researches of high frequency ahout the ACF bonding have been carried out [2] .
Several high frequency models of ACF joint have been introduced, and they are proved to be having good electrical qualities. Among these models, the extracted model that consists of resistors, inductor and capacitor in the ACF joint has been widely accepted recently [3] .
In high frequency application area, there are no clear explanations ahout the RLC effects on the ACF joint. Many experiments have been done in this area and the results are not good enough to explain the model. Theoretically, the R, L, and C of a circuitry can he calculated Jiom the transient response equation. This study will focus on this problem. The equation of the RLC transient response about the ACF joint will be built up using square wave input. The RLC effects on the ACF joint will be discussed based on the solution of the equation. In this paper, one type of ACF is investigated, which are resin cores coated with nickel and gold layers, gold over nickel [4] .
Experimental Specimen Description
The experimental aim is to measure the RLC response of ACF joints from square wav," input. The size of the experimental chip is 3x11 mm-, which has 60 groups of bumps around the periphery. Each group has 5 bumps, with bump area 50x70 pm?. Fig. 1 shows a group of bumps on the chip. Three bumps designed for joint resistance measurement using four points probe (FPP) method are connected by AI f i l m , the other two are not connected, and they are used for insulation resistance measurement. If the input signal is DC constant current, the capacitance and the inductance will not affect the experimental result, so the joint resistance includes two parts, R, and R2. If the input The experimental configuration as shown in Fig. 6 is setup to receive the RLC response of the ACF joint from a square wave input signal. The input signal is generated from a Function Generator, which supplies input current after being amplified by the DS0026. In the circuitry, VR is a variable resistor, which is used to supply variable current to the ACF joint. Digital Oscilloscope, Tebonix TDS 3014, is used for data acquisition. In order to shield the noise, an AI shield box is introduced to embody the amplify circuitry and the test specimen. All the GND terminals (including the Equipment GND) are connected to the box. as shown in Fig. S . In an ACF joint (see Fig 6) . RI includes two parts, Rbw and RPA. while R? refers to three parts, Rpwcl., and two R, , , , .
Normally, R-,,, is complicated, because it is resulted from mechanical contact smcture. Many other factors can also affect the result, such as contact surface, thermal stress, transfomation degree, etc. RI is the resistance of the bump and the pad in the ACF joint, therefore RI is
The structure of the chip bump used in the experiment is shown in Fig 9. A bump is made of three parts, AI film, Ni layer and Au layer (see in Fig. 9-a) . The AI film and Ni layer are slahs, but the A u layer is a shell entity. In order to simplify Au layer structure, it is also assumed as a slab. A pad also includes three parts, Cu layer, Ni layer and A u layer as shown in Fig 9- b. Both Ni layer and A u layer are shell entities, which can be simplified into two slabs.
The structures and the electrical conductivities of the bump and the pad are shown in Table 2 . The slabs are parallel resistors in the circuitry. According to the slab geometry ( Table 2) , the resistance of different metal layers of the bump and the pad can be calculated with Equation (3).
The resistance solutions of each metal layers are summarized in Table 2 . The total resistance of the hump is R,,,, = 7 . 5 7 9~1 0~~+ 7 . 2 3 9 x l O~~ + 3 . 1 6 1~1 0~~ = 8.313x10-* mCl The total resistance of the pad is Rd = 7.375 x 10.' t 1 . 1 0 9~1 0~~ t 3 . 1 6 1~ IO-'
= I .~S S X I O -' m n (5) Substituting Equation (4) and Equation (5) into Equation (2),
we obtain RI Rl =R,,", +Rd =2.619xlO-I mR
Comparing Equation (1) and Equation (2), we obtain Therefore, RI contributes little to the joint resistance, and can he ignored when we discuss RLC response.
As shown in Fig. 4 , resistor RZ is resulted from contact areas and the metal layers of the particles. The resistance of the metal layers of the particles varies from 2 mR to 6 mR if the particles transformation degree is more than 30% [5]. It is also much smaller than the contact resistance. The capacitor of the ACF joint is a parallel plate one.
Theoretically, it can he considered as a classical parallel capacitor, a slab of insulating material with dielectric constant E is contained hetween two perfectly conducting plates as shown in Fig. 10 . As the resistances of the bump and the pad are very small, the capacitance of the ACF joint can be calculated from equation Here, we assume that the transformation of the ACF particles is about 60%, thus the distance between the plates is about 2 P. Accordmg to Equation (S), we obtain C, the capacitance of the ACF joint with the geometry as mentioned above.
. 5~8 . 8 4~1 0 '~'
x50x10-6 x 7 0~1 0~ = 6,973x 10.14 C = 2X1O6 = 6 . 9 7 3~1 0 -' pF (9) As can he seen 6om Fig. 7 , the inductance of the ACF joint is complicated. It involves the joint, the contact areas, the bump, the pad and the particles. Hence, it can not he calculated from the classical inductance definition. However, we can get it kom the RLC response as shown in Fig. 7 when R2 and capacitance are noted. Considering the RLC circuit depicted in Fig. 11 with i(t) input and output fit) , we obtain + R 2 i ( f )
(1 1)
dl +FMo=-'(') LC 7 Fig. 12 shows part of the RLC response of Fig 7. Fig. 12 a shows the RLC response, y(r) and Fig. 1 2 4 shows the input From Equation (15) , . , . , . , . , . , . , One RLC response and input Fig. 12 -h can be considered as a step input because it is parts of the square input. Therefore, the RLC response process can be expressed by Equation (11). From Fig. 12 -a, the complementary function of the differential equation, Equation (1 l), is seen to be oscillatory and given by
Equation (12) 
Conclusions
In this study, a high frequency model of ACF joint is assumed. RLC response is acquired when applying square wave signal to the ACF joint. Three conclusioos can be made.
1. Capacitance and inductance of the ACF joint can be calculated from the RLC response when a square wave input signal is applied using high frequency model of ACF joint as assumed in this paper. The period equation relating to the capacitance and inductance isT = 2 z z .
2. From the theoretical calculation of the ACF joint, resistances resulted from the hump and the pad are much lower than that from the contact resistances. The resistances of the ACF joint affect little to the ACF joint when they are used at high frequency.
3. ' h e resonant frequency of the ACF joint should be close to the response frequency, therefore, when the joint is used at high frequency and the frequency is close to the resonant frequency, the inductance and the capacitance of the ACF joint will affect the electrical characteristic of the joint significantly. As a result, high impedance will occw in the ACF joint.
